Purpose: To evaluate the relevance of the probe test in classifying the gingival biotype and to determine if differences exist between maxillary and mandibular gingival biotypes in the same patient. Materials and Methods: 53 subjects were included. The gingival thickness was evaluated as thick or thin. This evaluation was based on the transparency of the periodontal probe through the gingival margin while probing the sulcus. In another hand, 124 clinicians were asked to identify the gingival biotype in the same 53 subjects based on visual inspection on pictures. For each examiner, the accuracy in identifying the gingival biotype was assessed using the percentage of cases correctly identified. Results: the percentile of agreement is greater than 70% in maxilla as well as in mandible. An imbalance was observed on the maxillary pictures concerning the gingival biotype and on the thin biotype between maxilla and mandible despite there being no statistical difference (p < 0.0001). The percentile of agreement is quite similar in the mandible for both thin (74%) and thick (70%) gingival biotypes. Agreement between mandibular probe and maxilla probe results demonstrates a weak percentile of agreement of gingival biotypes between maxillary and mandibular anterior teeth (57%). Conclusion: The use of probe transparency through the gingival margin is an accurate and simple method for gingival biotype diagnosis to discriminate a thin gingival from a thick gingival. Furthermore, individualizing the gingival biotype for each of the arches appears to be a new outcome that needs further investigation.
INTRODUCTION
During orthodontic treatment, periodontal attachment loss and marginal tissue recession are adverse effects that unfortunately are observed in patients presenting reduced gingival thickness. Diagnosing these patients when beginning an orthodontic treatment may help practitioners in making appropriate decisions concerning the degree of incisor inclination or intrusion. Nevertheless, due to several complex established classifications identification and categorization of gingival biotypes may appear difficult for clinicians. A relevant, reproducible, sensitive, predictive, and easy-to-use classification method has to be developed to easily detect and diagnose high-risk patients in terms of marginal tissue recession prior to orthodontic treatment. In a previous article [1] , we tested a visual inspection method and our conclusions, consistent with the literature, demonstrated that visual inspection alone is not a reliable method for gingival biotype diagnosis. This study also demonstrates the existence of a different biotype between maxilla and mandible in a patient, requiring a specific diagnosis between the two arches.
The thin gingival biotype is usually characterized by a delicate soft tissue curtain, a scalloped underlying osseous form, and often presents bone dehiscence or fenestrations. The quantity and quality of keratinized mucosa is usually reduced. On the other hand, the thick gingival biotype covers up the thick buccal alveolar bone. The mucosa is fibrotic and resilient with a tendency for pocket formation rather than recession [2] [3] [4] . A new methodology has been recently developed by De Rouck et al. [4] for discriminating thin and thick gingival biotypes using * Corresponding author.
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a periodontal probe through the gingival margin. This simple visual method is based on the transparency of the periodontal probe through the gingival margin while probing the buccal sulcus at the midfacial aspect of both central maxillary incisors. When the outline of the underlying periodontal probe can be seen through the gingival, the gingival biotype is considered thin. The gingival biotype is thick in the other case. This methodology was originally developed for maxillary examinations; nevertheless, for orthodontics the risk of development of dehiscence is more important during the labial movement of the mandibular incisors. Moreover, several animal and human studies [5, 6] have shown that gingival thickness may vary between maxillary and mandibular arches, depending on gender and age. Due to these parameters, determination of only the maxillary biotype does not appear to be sufficient for discriminating periodontal risk patients.
The purpose of this study is to evaluate the relevance of the probe test in classifying the gingival biotype and to determine if differences exist between maxillary and mandibular gingival biotypes. The final goal is the risk identification and the prevention of tissular iatrogenic damages.
MATERIALS AND METHODS

Subjects
This study included 53 subjects (25 females and 28 males) with a mean age of 17.5 years. Thirty-six were volunteer dental students from the Nantes Dental Surgery Faculty, and 17 were patients receiving clinical orthodontic treatment in the Conservative and Paediatric Clinic at Nantes Hotel-Dieu Hospital. All subjects gave their informed consent to participate in this study.
The inclusion criteria were as follows: -Subjects presenting all maxillary and mandibular incisors; -Subjects presenting good oral hygiene without any clinical signs of gingival inflammation or attachment loss (periodontal probing does not exceed 3 mm). The exclusion criteria were as follows: -Subjects with crown restorations or fillings that involved the incisal edge on anterior teeth; -Pregnant or lactating women; and -Subjects taking medication with any known effect on periodontal soft tissues.
Clinical Parameters
The gingival biotype for each of the subjects was classified by two experienced clinicians following the method described by De Rouck et al. [4] . Specifically, the clinicians' classification was called the "reference". These clinicians were trained in periodontology (FL) and orthodontia (LM).
The following two clinical parameters were recorded by these two examiners: -Gingival thickness was evaluated as thick or thin.
This evaluation was based on the transparency of the periodontal probe (HU-Friedy) through the gingival margin while probing the sulcus at the midfacial aspect of the four central incisors (Figure 1) . If the probe could be seen, it was categorized as thin; if not, it was categorized as thick. -Probing depth was measured at the midfacial aspect of maxillary and mandibular incisors. Finally, for each patient two clinical pictures were taken using a Nikon D60 in macro mode with flash and a magnification of 0.5 (a total of 101 relevant pictures were taken). The first picture focused on the right maxillary incisor with the probe inserted in the sulcus, and the second picture focused on the right mandibular incisor under the same conditions.
Visual Inspection by Clinical Staff
124 clinicians of the Dental Surgery Faculty at Nantes were asked to identify the gingival biotype in the same 53 subjects based on visual inspection alone. Among the practitioners, nine were specialists in orthodontia (i.e., group C) and nine were residents in Dental Surgery (i.e., group I). Moreover, 48 were dental students in the final year of graduate program (i.e., group T) and the remaining 58 were inexperienced dental students beginning their studies (i.e., group D). 
Scoring
Examiners were installed in a dark room. Explanations for the cluster analysis in the two groups (thin or thick in relation to visualization of the probe through the margin) were given by a periodontist (AS). The transparency of the gingival margin was tested on 106 pictures/slides projected in a randomized order: 48 slides with the probe in the midfacial aspect of the maxillary incisor and 53 with the probe in the midfacial aspect of the mandibular incisor. The clinicians had to answer yes if they could see the probe and no if they could not. Each slide was projected for 8 seconds on a large screen.
Responses were collected and entered into Excel for statistical analysis.
Statistical Analysis
-Accuracy in identifying the gingival biotype
The accuracy in identifying the gingival biotype was evaluated for the lower and upper arches and compared with De Rouck classifications. For each examiner, the accuracy in identifying the gingival biotype was assessed using the percentage of cases correctly identified. The overall average percentage of cases correctly identified and the average percentage of cases correctly identified by a type of examiners were estimated with a 95% confidence interval. The overall average percentage of cases correctly identified in each case was tested using paired Student t test. The accuracy of identifying each of the two gingival biotypes (thin/thick) was detailed.
-Agreement between lower and upper arches The agreement was first analyzed between the mandibular reference and the maxillary reference using percentage of agreement and Kappa Statistics with a 95% confidence interval.
The agreement was also evaluated between mandible and maxilla.
For each examiner, percentage of agreement and kappa statistics were determined. The overall average percentage of agreement and the average percentage of agreement by type of examiners were estimated with a 95% confidence interval. The overall agreement was evaluated using the mean of kappa statistics with a 95% confidence interval.
RESULTS
In order to evaluate the reliability of probe inspection, we have calculated the number of cases when each clinician has correctly identified the probe in both maxilla and mandible. (Table 1) On the mandible, the probe appeared in transparency on On the maxilla, the probe appeared in transparency on 9 pictures (thin biotype) and was not visible on the 39 residual pictures (thick biotype).
References' Classification Results
Accuracy of Mandible and Maxillary Probe
Compared to References Table 2 shows the number of cases in which the 124 examiners correctly identified the transparency of gingival margin through the visualization of the probe. For each examiner, the percentage of correctly classified pictures has been estimated on 53 pictures and compared with references. The mean average percentage of correctly classified pictures has been estimated for each type of examiner and whatever the type of examiner.
The percentile of agreement is greater than 70% in maxilla as well as in mandible. Whatever the group, the percentiles of agreement are similar in maxilla and mandible.
Percentage of Correctly Classified Pictures Based on Gingival Biotypes
For each examiner, the percentage of correctly classified pictures based on the type of pictures has been evaluated. The mean percentage of correctly classified pictures has been evaluated for each group of examiners and whatever the group of examiners with a 95% confidence interval. Results are shown in Table 3 : an imbalance was observed on the maxillary pictures concerning the gingival biotype (9 thin for 39 thick) and on the thin biotype between maxilla and mandible (9 versus 23, respectively) despite there being no statistical difference (p < 0.0001). Concerning the thick gingival biotype, the difference is less important between mandible and maxilla. Due to the increasing number of pictures, the difference is globally masked (p < 0.001).
The percentile of agreement is quite similar in the mandible for both thin (74%) and thick (70%) gingival biotypes. We find the same agreement level for thick biotypes in maxilla (77%), but the result of correctly identified cases for thin biotypes in maxilla is only about 47%.
Agreement between Mandibular Probe and Maxilla Probe Results
For each examiner, the percentage of agreement was evaCopyright © 2013 SciRes. OPEN ACCESS luated on 48 pictures. Then the percent of agreement and the Kappa statistics with a 95% interval were evaluated for each examiner. Kappa statistics were evaluated for each examiner and then an average of Kappa statistics was performed by the examiner's class. The results are shown in Table 4 . The results demonstrate a weak percentile of agreement of gingival biotypes between maxillary and mandibular anterior teeth (57%). The same results are observed when comparing maxillar and mandibular references, as shown in Table 4 . The percentile of agreement for the references was about 52.83% with the kappa value ranging from −0.2537 to 0.1978. These results demonstrate that patients with a thin mandibular gingival biotype have in 80% of cases a thick gingival biotype on the anterior maxillary teeth. If patients have a thick maxillary biotype, they present a thin mandibular biotype in 20% of cases.
DISCUSSION
Our results demonstrated that probe test is a reliable and very simple methodology for identifying the gingival biotype on the front teeth in both arches. This study also confirms our previous results in the difference between maxillar and mandibular biotypes on the same patient. Probe test was developed to obtain a simple and reliable method for identifying gingival biotypes in patients. In comparison with our previous study based on visual examinations, the probe test presents a higher concordance rate (greater than 70% in maxilla as well as in mandible). Based on only visual examination, the probability for identifying the correct biotype was less than 50%, whatever the arch. These results were in agreement with the results of Eghbali et al. [7] . Visual inspection is a part of clinical examination where the identification of a gingival biotype is considered important because differences in gingival and osseous architectures have been shown to exhibit a significant impact on the outcome of restorative or orthodontic treatments. Nevertheless, the discrimination of gingival biotypes based on probe transparency is subject to controversy. For some authors [8] , the probe test is not a useful method for identifying the gingival biotype and they demonstrate that cone beam computed tomography is a preferable methodology for determining both soft and hard tissue thickness. These results are based on measurements performed on cadaver heads. On the contrary, a clinical study by Cook et al. [9] performed on 60 patients demonstrated that periodontal biotype was significantly related to probe visibility through the sulcus. The same results were obtained by Le et al. [10] in a clinical study performed on 66 maxillary anterior teeth using a comparison between periodontal probing and cone beam computed tomography. This visual determination may appear as a simple methodology for discriminating high-risk patients that may lead to further examinations performed by a periodontologist correlating the information obtained by clinical examinations and radiographs. Kan et al. [11] also demonstrated in a clinical study performed on 48 patients that assessment with a periodontal probe is an adequate, reliable, and objective method in evaluating gingival biotypes. Their results correlated the probe test examination and direct measurement performed after a single tooth extraction in the maxillary anterior teeth region.
Moreover, this study shows that a difference in gingival biotypes may exist between maxilla and mandible. In fact, when a thick biotype is diagnosed in the maxilla there is a thin biotype in the mandible in 20% of cases. These results suggest, in agreement with our previous study [1] , that we shall make a difference between maxilla and mandible gingival identification. Few clinical studies have been performed concerning the differences between maxillary and mandibular arches. A thicker mandibular gingiva was observed by Vandana and Savitha in 2005 [5] , whereas Müller et al. [3] demonstrated a thicker gingiva in maxilla when the thinnest facial gingiva was found in maxillary canines and first mandibular premolars. All these results reinforce the hypothesis of there being a difference in gingival biotypes between maxilla and mandible in the same patient. Most of the studies characterizing gingival biotypes have been performed for maxillary anterior restorations using dental implants where the esthetic success depends partially on soft tissue integration [8, 9, 11] . Mandibular arch is rarely concerned by this esthetic problem in implant therapy, but orthodontic treatment may lead to dehiscences during the labial movement of mandibular incisors or canines [12, 13] . Further studies are necessary to explore and discriminate gingival biotypes in relation to the different groups of teeth on each arch.
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CONCLUSION
From this study, we can conclude that the use of probe transparency through the gingival margin is an accurate and simple method for gingival biotype diagnosis to discriminate a thin gingival from a thick gingival. Additionally, individualising the gingival biotype for each of the arches appears to be a new outcome that needs further investigation. Such an approach is appropriate for orthodontic practice or implant therapy prior to dental extraction. However, it seems that individualised data on tooth gingival biotype can help orthodontists to better control and prevention of the side effects of their treatments and implantologists to improve the esthetical results of dental implant treatment.
